Abstract: Tap water samples were collected from 180 families in four agricultural (KYR: Keyir, KRW: Kariwak, YTR: Yatur, DW: Dawanqi) and two pastoral areas (B: Bulong and Y: Yangchang) in Bay County, Xinjiang, China, and levels of seven trace elements (Cd, Cr, As Ni, Pb, Zn, Se) were analyzed using inductively-coupled plasma mass spectrometry (ICP-MS) to assess potential health risks. Remarkable spatial variations of contamination were observed. Overall, the health risk was more severe for carcinogenic versus non-carcinogenic pollutants due to heavy metal. The risk index was greater for children overall (Cr > As > Cd and Zn > Se for carcinogenic and non-carcinogenic elements, respectively). The total risk index was greater in agricultural areas (DW > KYR > YTR > KRW > B > Y). Total risk indices were greater where well water was the source versus fountain water; for the latter, the total health risk index was greater versus glacier water. Main health risk factors were Cr and As in DW, KYR, YTR, KRW, and B, and Zn, Cr, and As in the Y region. Overall, total trace element-induced health risk (including for DW adults) was higher than acceptable (10 −6 ) and lower than priority risk levels (10 −4 ) (KYR, YTR, KRW, Y, and B). For DW children, total health risk reached 1.08 × 10 −4 , higher than acceptable and priority risk levels (10 −4 ).
Introduction
Trace elements exist widely in specific concentrations in the natural environment [1] . With the development of the economy and society human activities, such as mining, smelting, and processing, have allowed more trace elements to enter the atmosphere, water, and soil, thus resulting in serious environmental pollution [2] . Pollution from trace elements has become the main source of global environmental pollution. Their emission into the environment is harmful not only to ecosystems, but also poses a threat to human health because of refractory characteristics of bioaccumulation [3] . Although essential trace elements are critical for life processes and sustainability, they are only needed at the trace level [4] . Excess intake of essential trace elements in drinking water may lead to adverse health effects [5, 6] . In particular, elements such as cadmium, chromium, arsenic, and lead have significant biological toxicity and are harmful to human health [7] [8] [9] , for example. Cadmium mainly accumulates in the human hepatic system and kidneys, disturbing estrogen secretion, and is also carcinogenic [10, 11] . Chromium is one of the trace elements with the strongest biological toxicity, and southeast terrain is high. To the north of Bay County is the grand trunk of the Tianshan Mountains. It is more than 4500 m above sea level, with plentiful snow and many glaciers which can be found year round. Bay County is framed by the Queletagh Mountains to the west and south; it is between 1180 m and 1400 m above sea level.
The total stream of the river, surface water, and total groundwater storage available for exploitation in the Bay County town are respectively 28.1 million m 3 , 31.0 million m 3 , 27.80 million m 3 , and 11.00 million m 3 [26] . Due to the temperate continental climate, there are various water resources such as Tianshan glacier water, surface river water and spring water, underground confined water and phreatic water, atmospheric precipitation, and artificial lake water. There are five rivers in Bay County; from west to east, there are the Muzat River, Kapsilan River, Teliwiqik River, Karsu River, and Kezir River, all of which are important resources for life and production [27] . The agricultural irrigation water is rich, and the county's water consumption is 14.55 million m 3 . There is also spring water that is formatted by the upstream riverbed leakage on the hillside [5] . The DW, YTR, KYR, and KRW belong to the agricultural region and the Y and B belong to the pastoral area. The drinking water source of the DW agricultural region is the well water, and the sources of the drinking water for the YTR and KYR agricultural regions are the fountain water. The drinking water source of the KRW agricultural is mountain water from melting glaciers. The Y pastoral region belongs to the plateau region where the source of the drinking water is mountain water from melting glaciers. The drinking water source of the pastoral B region is the fountain water.
Sample Collection
In July 2015, according to the range of the region's water supply and population distribution, we used multi-stage random sampling methods and collected samples of the tap drinking water of 180 families from the water containers of every family from the typical agricultural (Keyir, Kariwah, Dawanqi, Yaturi) and natural pastoral areas (Bulong, Yangchang) of Bay County (Figure 1) . Thereafter, about 1 L of water was collected in a plastic container and 10 mL of nitric acid was added for preservation. The acidified drinking water samples were stored at 4 • C and analyzed within seven days of collection. We collected and preserved the water samples in accordance with the GB/T5750. Standard Test for Drinking Water.
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Sample Collection
In July 2015, according to the range of the region's water supply and population distribution, we used multi-stage random sampling methods and collected samples of the tap drinking water of 180 families from the water containers of every family from the typical agricultural (Keyir, Kariwah, Dawanqi, Yaturi) and natural pastoral areas (Bulong, Yangchang) of Bay County (Figure 1) . Thereafter, about 1 L of water was collected in a plastic container and 10 mL of nitric acid was added for preservation. The acidified drinking water samples were stored at 4 °C and analyzed within seven days of collection. We collected and preserved the water samples in accordance with the GB/T5750.2-2006 Standard Test for Drinking Water. 
Chemicals and Reagents
Ultra-pure analytical-grade nitric acid with a concentration of 65% was purchased from Guangzhou Chemical Reagent Factory (Guangzhou, China). Standard solutions of the trace elements (Cr, As, Cd, Ni, Zn, Se and Pb) were obtained from the National Institute of Metrology of China (NIM, Beijing, China). 
Ultra-pure analytical-grade nitric acid with a concentration of 65% was purchased from Guangzhou Chemical Reagent Factory (Guangzhou, China). Standard solutions of the trace elements (Cr, As, Cd, Ni, Zn, Se and Pb) were obtained from the National Institute of Metrology of China (NIM, Beijing, China).
Instrumental Analysis and Quality Control
Each 10-mL water sample was acidified with 100 µL of nitric acid, and the concentrations of trace elements were determined using Agilent 7700x inductively-coupled plasma mass spectrometry (ICP-MS). Optimized instrumental parameters are listed in Table 1 . We used ICP-MS and tested the elements (Cr, As, Cd, Ni, Zn, Se, and Pb). Standard curve solutions of the trace elements were prepared with 1% of nitric acid ranging from 0.002 to 0.500 µg/L for Se; 0.005 to 3.000 µg/L for Cd; 0.030 to 3.500 µg/L for Cr, As, and Pb; 0.100 to 4.000 µg/L for Ni; and 0.500 to 3000 µg/L for Zn, respectively. The calibration curve regression coefficients (r 2 ) for individual elements were all above 0.9995. We used the internal standard solutions for checking the signal drift during instrumental analysis. To authenticate the stability of the detector response, a moderate concentration of multi-element standard solution was analyzed with each batch of five samples, and relative standard deviation was less than 10%. Recoveries of the trace elements were obtained by spiking standard solutions to water samples at two levels (2 µg/L and 10 µg/L), and the spiked samples were also subjected to the same procedure used for the samples. Recoveries for all of the elements in the present study were between 83% and 104%. We analyzed the procedural blank and reagent blank with each batch of five samples to check for potential contamination in the laboratory. We also defined the limit of detection (LOD) and limit of quantification (LOQ) as three and ten times the relative standard deviation for 21-reagent blank analysis, respectively.
Data Analysis
In this study we used descriptive statistics, the Kruskal-Wallis test (StatSoft, Inc., Tulsa, OK, USA), and a human health risk assessment method [28] [29] [30] .
Human Health Risk Assessment
According to the toxicological effect, the health risks of exposure to pollutants include carcinogenic and non-carcinogenic risks. The evaluation models of health risk assessment as recommended by the U.S. Environmental Protection Agency (EPA) were also used in this study. 
In Equation (1), C is the average concentration of the chemical pollutants (mg·L −1 ); IR is for the average daily water consumption (2.2 L for adults' and 1 L for children's average daily water consumption); ED is the exposure cycle (70 a); EF is the exposure frequency (365 days); BW is the adult's body weight (adults, 70 kg; children, 25 kg); AT is the life time (365 days × 70 years).
PAD is the adjustment dose of non-carcinogenic chronic chemical pollutants by the drinking water, and has units of [mg·(kg·d) −1 ]. It can be calculated by this formula:
In Equation (2), RfD is the reference dose of the non-carcinogenic chronic chemical pollutants, with units of [mg·(kg·d) −1 ] . In this study, the safety factor value is 10.
The risk model for health hazards caused by carcinogenic chemical pollutants is expressed as a risk of cancer caused by exposure to a carcinogen, which is more than a normal level of cancer. It is generally believed that the carcinogenic compound in water has a linear relationship with its concentration. The evaluation formula is as follows:
In Equation (3), R is the annual cancer risk that results from the carcinogenic chemical pollutants which are ingested by the person (a −1 ); q is the dose of the chemical pollutant carcinogenic intensity coefficient (mg·(kg·d) −1 ) −1 ; Y is the average life expectancy of 70 years.
The risk model for health hazards caused by non-carcinogenic chemical pollutants is calculated by the following formula:
In Equation (4), R is the annual health risk resulting from the non-carcinogenic chemical pollutants ingested by the person (a −1 ).
When we calculate with multiple substances and risk types, we first calculate all of the carcinogenic and non-carcinogenic risks, and then find the sum. Generally, we do not consider the synergy reaction and the antagonism reaction:
Parameter Values
The International Association for Cancer Research (IARC) and the World Health Organization (WHO) comprehensively evaluated the chemical pollutants' carcinogenicity and then formulated the classification system. Cd, Cr, and As belong to the class of carcinogenic chronic chemical pollutants and their reference dose value and chemical pollutants carcinogenic intensity coefficients are indicated in Table 2 . Ni, Zn, Se, and Pb belong to the non-carcinogenic chronic chemical pollutants and the values of the reference doses of the non-carcinogenic chronic chemical pollutants are shown in Table 2 [8] . The maximum risk acceptance risk level and negligible level of some organizations are listed in Table 3 [31]. 
Results

Trace Element Concentrations in Drinking Water
Compared to China's drinking water standard (GB5749-2006), virtually all trace elements in the drinking water in the present study of the six rural areas could meet the regulation requirements (Table 4 ). The water pH ranges from 6.0-7.12. There is no significant difference (p ≥ 0.05) in the water pH levels among the sampling points. The water pH was within the range recommended by WHO (6.5-8.5) for all sampling points. All trace elements were detected in tap water, and the concentrations varied greatly. It is evident that the mean content of Cr in Dawanqi is higher than that of other regions; the Cr mean content of the Kyiri and Yaturi is similar and about 2.5 µg/L; the mean content of Cr in the Bulong, Kariwahi, and Yangchang is similar and about 1-1.7 µg/L (Figure 2 ). The mean content of Cd in Keyir, Yatur, Bulung and Yangchang is similar with the mean value of 0.007-0.017 µg/L, but all are significantly lower than that of Dawanqi and Kariwahi with mean values of about 0.03 µg/L. There is no significant difference between Dawanqi, Karwahi, and Keyir in As content, which is about 1.5-2.3 µg/L, however these regions have significantly higher levels of As compared to Yatur, Bulung, and Yangchang which have similar amounts of As (0.3-0.4 µg/L). The Zn content of the Karwahi and Yangchang regions is higher than that of the other regions, and the mean values are 56.23 µg/L and 96.18 µg/L, respectively. However, the other regions have relatively low levels of Zn content and have little variance between one another. There is a slight difference in Pb content between Dawanqi, Kariwahi, and Keyir regions, with the mean value lower than 0.1 µg/L. However, these regions have relatively higher levels of Pb than that of other regions (YTR, Y, B), which share no significant difference in Pb. The mean content of Ni in the Dawanqi and Kerwahi regions is very similar, at about 0.9 µg/L; the mean content of Ni in the Keyiri and Bulung regions is also similar at about 1.2 µg/L. It is noteworthy that the highest level of Ni content is found in the Yaturi region, while the Yangchang has the lowest levels of Ni, with an average content of 0.7 µg/L. The mean content of Se in the Keyir, Kerwahi, and Yangchang regions is almost the same, at about 0.55-0.7 µg/L; the order of the Se content of the other three regions is Yatur > Bulung > Dawanqi.
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Human Health Risk Assessment
According to the evaluation of health risk assessment models recommended by the U.S. EPA, we assessed the level of health hazard risks for the population in four agricultural areas and two pastoral areas of the Bay County in Xinjiang, China caused by trace elements ingested orally through drinking water. Two population groups were considered: adults and children.
The median values of incremental lifetime health risks induced by carcinogenic metals of the DW agriculture region were estimated to be 6.95123 × 
The median values of incremental lifetime health risks induced by carcinogenic metals of the DW agriculture region were estimated to be 6. 
Discussion
We can see that the trace elements in the tap water of the six regions were very different with regard to the content coefficient of variation. We find that while the people in the same region drink tap water from the same source, there are significant differences between the containers used for saving water, as well as differences in the materials used for the pipes through which the tap water passes. Additionally, because people have different habits for getting the drinking water from the tap and putting it into containers, the result is a significant difference in the heavy metal content of the water.
In recent years, the issue of drinking water polluted by trace elements had received keen attention around the world, especially in developing countries. For instance, a previous study assessed tap water quality in one of the villages of Gao Ming Foshan City, Guangdong Province [15] . In that particular study, the mean concentrations of individual essential trace elements were 0.775 µg/L, 4 µg/L, 0.06 µg/L, 0.375 µg/L, and 0.27 µg/L, for As, Cr, Cd, Pb, and Se, respectively. The concentrations of As and Se in our research were higher than those in their study, while the other elements maintained lower levels than those of Foshan, especially for Pb.
We find some similar phenomena in the human health risk assessment of the six regions. Over all six regions, the value of Cr is highest among the health hazard risk index due to carcinogenic chemical pollutants, and the value of Zn is highest among the health hazard risk index due to non-carcinogenic chemical pollutants. The health hazard risk index caused by carcinogenic chemical pollutants is greater than that caused by non-carcinogenic chemical pollutants, and is consistent with similar studies performed in China, which concluded that the carcinogenic chemical pollutants health hazard cancer risk is more severe than the non-carcinogenic chemical pollutants health hazard risk due to heavy metals in drinking water. The size of the risk index of the carcinogenic chemical trace elements of the six regions in order is Cr > As > Cd, and that of the risk index of the non-carcinogenic chemical trace elements of the study areas is Zn > Se. Both health hazard risk indices are greater for children than for adults. Since the incremental lifetime non-cancer risk was less than 10 −6 , the risk induced by these non-carcinogenic elements in drinking water is considered inconsequential for people in the following regions: DW, KYR, YTR, KRW, and B. The trace Cd cancer risk was also less than 10 −6 , so the risk that is induced by Cd in drinking water is considered inconsequential for populations of DW, KYR, YTR, KRW, and B, and the main factors of cancer risk for these populations were Cr and As. Since the incremental lifetime non-cancer risks induced by Ni, Pb and Se were less than 10 −6 , the risks induced by Ni, Pb and Se elements in drinking water are considered inconsequential for those in the Y region, with the main factor of the non-cancer risk for the Y population was Zn. The cancer risks of carcinogenic trace Cd were also less than 10 −6 for both Y populations, so the risks that are induced by the Cd in drinking water are considered inconsequential, with the main cancer risks for these populations being Cr and As. The total value of incremental lifetime health risks induced by the seven trace elements for the DW adult population reached 8.51 × 10 −5 , which is higher than the acceptable risk level (10 −6 ) and lower than the priority risk level (10 −4 ), while the DW children's population reached 1.08 × 10 −4 , which is higher than both the acceptable risk level and the priority risk level (10 −4 ). The total value of incremental lifetime health risk induced by the seven trace elements for the KYR adult population reached 5.67 × 10 −5 , and the KYR children's population reached 7.21 × 10 −5 , with both of them being higher than the acceptable risk level (10 −6 ) and lower than the priority risk level (10 −4 ). The total value of incremental lifetime health risk induced by the seven trace elements for the KRW adult population reached 3.80 × 10 −5 , and the KRW children's population reached 4.84 × 10 −5 , with both of them being higher than the acceptable risk level (10 −6 ) and lower than the priority risk level (10 −4 ). The total value of incremental lifetime health risk induced by the seven trace elements for the YTR adult population reached 4.94 × 10 −5 , and the YTR children's population reached 6.27 × 10 −5 , with both of them being higher than the acceptable risk level (10 −6 ) and lower than the priority risk level (10 −4 ). The total value of incremental lifetime health risk induced by the seven trace elements for the Y adult population reached 2.27 × 10 −5 , and the Y children's population reached 2.88 × 10 −5 , with both of them being higher than the acceptable risk level (10 −6 ) and lower than the priority risk level (10 −4 ). The total value of incremental lifetime health risk induced by the seven trace elements for the B adult population reached 3.44 × 10 −5 , and the B children's population reached 4.40 × 10 −5 , with both of them being higher than the acceptable risk level (10 −6 ) and lower than the priority risk level (10 −4 ). This suggests a high potential for health risks from the trace elements in drinking water, implying that this class of elements requires dedicated attention.
The topography of the six regions is different and, thus, so is the source of the heavy metals. The drinking water source of the DW agricultural region is the well water, and the source of drinking water for the YTR and KYR agricultural regions, as well as the pastoral B region is fountain water. The drinking water source of the KRW agricultural region and the Y pastoral region is mountain water from melting glaciers.
The DW, YTR, KYR, and KRW regions are those where the agricultural production activities are relatively broad; hence, trace elements from pesticides are readily found in their agriculture. Coal and iron mines operate in the Y Plateau regions, so trace elements from these industries are readily found in the drinking water; thus, Zn is the main factor of the non-cancer risks for the Y population.
Conclusions
All trace elements in the drinking water of the six regions in the present study could meet the regulatory requirements.
The risk indices of the carcinogenic and non-carcinogenic chemical trace elements in the six regions are in the order of Cr > As > Cd and Zn > Se, respectively. Both the non-carcinogenic and carcinogenic chemical pollutant health hazard risk indices for children are greater than for adults.
The carcinogenic chemical pollutants health hazard cancer risk from trace elements is more severe than that of non-carcinogenic chemical pollutants in the drinking water of the six regions.
The total risk indices of the adults and children of the six areas are in the order of DW > KYR > YTR > KRW > B > Y. The total health risk for both the adults and children of the agricultural areas (KYR, YTR, KRW, and DW) is greater than in the pastoral areas (Y and B). The total risk indices in regions where the drinking water source is well water are greater than the total health risk indices in regions where the source of the drinking water is fountain water; the source of the fountain water regions' total health risk indices is greater than in regions where the source is mountain water from melting glaciers.
The main factors of the cancer risks in the DW, KYR, YTR, KRW, Y, and B areas are Cr and As. The non-carcinogenic chemical pollutant health hazard risk and the Cd cancer risk in the drinking water are considered inconsequential for the people of the DW, KYR, YTR, KRW, and B regions. The Zn in the drinking water is considered the main non-carcinogenic chemical pollutant health hazard risk factor for the Y population.
The total health risk for both adults and children induced by the trace elements for KYR, YTR, KRW, Y, and B regions is higher than the acceptable risk level (10 −6 ) and lower than the priority risk level (10 −4 ). The total health risk induced by the trace elements for the DW adult is higher than the acceptable risk level (10 −6 ) and lower than the priority risk level (10 −4 ), while the total health risk for the population of DW children reached 1.08 × 10 −4 , which is higher than both the acceptable and priority risk levels (10 −4 ).
